ABSTRACT
Introduction
. The AGCM has a global coverage with a horizontal resolution of 4° in latitude and 5° in longitude and 15 levels in the vertical with the top at 1-mb. The OGCM has a longitudinal resolution of 1° and a latitudinal resolution varying gradually from 1/3° between 10°S and 10°N to about 3° at both The simulated SSTs from the IP Run are compared with the observation in Figure 1 for the extended summer season (May-through-October; MJJASO). The observed climatology (Figure 1a ) is calculated from NOAA Optimum Interpolation SST (OISST_v2; Reynolds et al. 2002) . In the observation, the equatorial warm SSTs retreat to the west of dateline from its wintertime counterpart (not shown). The distribution of the Indo-Pacific warm waters also become more asymmetric with respect to the equator, with the waters shift northward to cover the entire northern Indian Ocean and western Pacific (south of 20°N). The general patterns of the observed Indo-Pacific SST distribution are reasonably captured in the simulation. The northward extension of the warm SSTs in the Indian Ocean during is realistically simulated. Similar northward extension is also produced in the western North Pacific, even though it does not extend as far north as in the observation.
Although the gross features are quite realistic, the model SSTs tend to be colder than observed in the Indian Ocean. Other model deficiencies include a warm bias in the eastern Pacific, a too zonal and too eastward extension of the southern branch of western Pacific warm pool, and a cold bias around the Maritime Continent ( Figure   1c ). The two warm biases are associated with the so-called double ITCZ problem that many contemporary CGCMs face (Mechoso et al. 1995) . The SST climatologies produced by the IO and PO Runs (not shown) are generally similar to that of the IP Run.
Summertime ISO in the basin-coupling CGCM experiments
To extract the ISO signals, we adopt the procedure used by Rui and Wang (1990) . The mean annual cycle is first removed from the daily data to produce daily anomalies. A 3-month running mean anomaly, which estimates the subannual-to-interannual variation, is then removed from the daily anomaly before computing the 5-day mean pentad anomaly. This band-pass filtering procedure retains intraseasonal variations with timescales ranging from 10 days to 3 months. The CMAP precipitation dataset is also processed in a similar way but taking its pentad-resolution into account. We examined the variance of the simulated and observed filtered anomalies in 850-mb zonal wind (U' 850 ) averaged between 10°S and 10°N during the MJJASO season (not show), and found that the maximum variance produced by the three CGCM experiments (which is located in the eastern Indian Ocean) is about 50% of the observed peak value. To identify the dominant ISO mode and its propagation characteristics, an Extended Empirical Orthogonal Function (EEOF) analysis (Weare and Nasstrom 1982) is applied to the filtered easterly vertical shear (EVS) anomalies in the tropical eastern hemisphere (20°S-20°N, 30°E-180°E) where the intraseasonal variance is concentrated. A 5-pentad lead-lagged window is used in the EEOF analysis. Here the EVS is defined as the difference between the anomalous zonal winds at 200-mb and at 850-mb (i.e., U' 200 -U' 850 ). This quantity gives a good measurement of the strength of the gravest baroclinic mode associated with the large-scale deep convections (Wang and Fan 1999) . We found applying the EEOF analysis to the EVS anomalies particularly effective in isolating the ISO from the model experiments where the intraseasonal variability is weak. Choice of this quantity is also in accord with the recent suggestion of Wheeler and Hendon (2004) that ISO is best identified when an EOF analysis is applied to the combined U' 200 , U' 850 , and the outgoing longwave radiation anomalies together.
The percentages of the 10-to-90 days EVS variance explained by the first EEOF modes for ERA-40 and the IP, PO, and IO runs are, respectively, 11.0%, 8.4%, 8.2%, and 10.3%. For the sake of discussion, only the half cycle of the first EEOF modes from the observed and simulated EVS evolutions in three CGCM experiments is shown in Figures 2a-2d . In Figure 2 , a convergent (divergent) zone in the 850-mb level is denoted at the zero contour line of EVS with positive (negative) anomalies to its right and negative (positive) anomalies to its left. The observation (Fig. 2a) shows that the leading ISO mode is characterized by a wavenumber-1 pattern with its convergence/divergence center propagating eastward along the equator. This is similar to the leading EEOF modes obtained when the analysis was applied to the boreal winter ISO (see Figure 
Role of the ocean coupling
To understand how the ocean coupling affects the ISO propagation, we examine in Figure 5 will retrieve LHF from ocean (thus cool the SST) and deliver moisture to the convection center, which manifests the important air-sea coupling process. However, it is the atmosphere that decides the location to extract heat from the ocean whereas the ocean reacts passively. This spatiotemporal relationship can only be sustained in the CGCM. Lacking of this wind-evaporation effect in the AGCM, the zonal propagation tendency due to the atmospheric internal dynamics is likely slowed down or locked by the local positive SST, resulting in the simulated oscillation more stationary.
To highlight the relative roles between the ocean coupling and atmospheric internal dynamics upon the northward propagating ISO in boreal summer, we show in that the dwindling zonal winds' propagation can reach coincides with the northern boundary of seasonal-mean negative EVS (c.f., Figure 7b ). However, it is not the case in the corresponding coupled run (panel b) that allows the simulated U' 850 to cross the northern boundary of seasonal-mean negative EVS and thus leads to a latitudinal extent closer to the observation. Although it could be model dependent, it leads us to conclude that the Indian Ocean coupling plays an important rather than a secondary role for the northward propagation of ISO in boreal summer.
Summary and conclusions
In this study, we demonstrated with three basin-coupling CGCM experiments that the Indian Ocean coupling is crucial to the strength and extent of the meridional propagation of summertime ISO. In boreal summer, when the warm SSTs retract westward and shift into the Northern Hemisphere, the northward propagating 
